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(54) Multilayer flexible circuit with 
ultrasonically welded interlayer 
connections 

(57) A multilayer flexible circuit (10) in 
which polymer thick film (PTF) circuits 
(18, 20, 28) are separated by an 
insulating polymer layer (16). The 
circuits are itnerconnected by ultrasonic 
welds, the circuit traces having 
enlarged connection pads (22, 24, 30, 
32) in the areas of the welds. 
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SPECIFICATION 

Multilayer flexible circuit with ultrasonically 
welded interlayer connections 

5 

This invention relates to the field of electrical cir- 
cuit connection. More particularly, this invention 
relates to interconnections between multilayer flex- 
ible circuits in which the circuits consist of circuit 
10 traces or circuit patterns on insulating polymer 
substrates. 

Multilayer flexible circuits are known in which 
the circuits are made with polymer thick film (PTF) 
technology. These circuits include sheets of flexible 
15 polymer substrate material with circuit patterns 
thereon. The insulating substrate materials may be, 
for example, a polyester plastic such as Mylar 
(RTM) or other known plastic insulating materials; 
and the conductive traces may be conductive ink 
20 or paste or copper or other standard conductive 
trace materials for flexible circuitry and membrane 
keyboards, it is often desirable to interconnect two 
layers of flexible circuitry which face each other. 
Currently there are three main methods for provid- 
25 ing such interconnection. One method is to form a 
conformal coating of insulating material over the 
appropriate traces and then use a conductive ink to 
close the connection between the two layers by 
crossing oVer the insulating material. A second 
30 method is to separate the conductive traces by a 
nonconductive insulating layer and make the con- 
nections by plating through holes through the in- 
sulating layer at the appropriate locations. A third 
method is to separate the conductive traces by a 
35 nonconductive insulating layer except in areas 
where connections are to be made, and connec- 
tions are made by metallic crimps which pass 
through the two layers of conductive circuitry and 
hold in contact the conductive traces to be con- 
40 nected. These methods are plagued with reliability 
problems due to either migration through the con- 
formal coating of insulating material, and/or to 
voids in the conductive material in the through 
holes, and/or poor crimp connections. Also, these 
45 methods require expensive materials and/or proc- 
essing steps. 

There is a recognized need for a long lasting, re- 
liable and relatively inexpensive interconnection 
method and structure which has not heretofore 
50 been available in the art. 

The above discussed and other problems of the 
prior art are eliminated or reduced by the present 
invention. In accordance with the present invention 
there is provided a multilayer circuit configuration 
55 including a first circuit layer having at least one 
first conductive trace thereon, a second circuit 
layer having at least one second conductive trace 
thereon, said first and second traces being in fac- 
ing relationship, said first and second conductive 
60 traces each having an enlarged connection pad of 
predetermined configuration at opposed locations, 
and ultrasonic weld means interconnecting said 
first and second traces at said enlarged connection 
pads. 

65 The termination pads are of special shape to ef- 



fect reliable and permanent contact. The resulting 
interconnected multilayer flexible circuitry is relia- 
ble and relatively inexpensive. 

It has also been determined that specific inter- 
70 connect patterns contribute to improved reliability 
and dependability. 

Referring now to the drawings, wherein like ele- 
ments are numbered alike in the several Figures: 

Figure 7 shows an exploded schematic view of 
75 one multilayer circuit in accordance with the pres- 
ent invention. 

Figure 2 shows an exploded view of another 
multilayer circuit in accordance with the present in- 
vention. 

80 Figure 3 shows a side elevation of the multilayer 
circuit of Figure 2. 

Figures 4A 48, 4C, 4D and 4E show specific in- 
terconnect configurations in accordance with the 
present invention. 
85 Figures 5-5C show a foldover circuit with the top 
and bottom layers interconnected with a special in- 
terconnect pattern in accordance with the present 
invention. Figure 5 shows a top plan view of the 
foldover circuit; Figure 5A shows a partial side ele- 
90 vation; Figure 5B shows a front edge view (looking 
at the right had end of Figure 5); and Figure 5C 
shows an enlargement of the interconnect area. 

Referring to Figure 1, an exploded view is shown 
of a multilayer circuit 10. Multilayer circuit 10 has a 
95 lower circuit sheet 12, an upper circuit sheet 14, 
and an intermediate insulating spacer sheet 16. 
Lower circuit sheet 12 has conductive traces 18 
and 20 on the upper surface thereof which termi- 
nate in interconnection pads 22 and 24. Merely for 
100 purposes of illustration, another conductive trace 
26 is shown on circuit sheet 12 between conduc- 
tive traces 18 and 20. The presence of conductive 
trace 26 does, however, make it impossible to con- 
nect traces 18 and 20 on circuit sheet 12; so, it it is 
105 desired to interconnect traces 18 and 20, the inter- 
connection must be made through upper circuit 
sheet 14. 

The lower surface of circuit sheet 14 (i.e., the 
surface facing sheet 12) has a conductive trace 28 

110 with termination pads 30 and 32 which are aligned, 
respectively, with termination pads 22 and 24 on 
the upper surface of circuit sheet 12. Conductive 
trace 28 is shown in dashed or broken line merely 
to indicate that it is on the bottom surface of sheet 

115 14. Also, insulating spacer layer 16 has a pair of 
apertures 34 and 36 which are aligned with termi- 
nation pads 22 and 30 and terminations pads 24 
and 32, respectively. 
To assemble the multilayer circuit of the present 

120 invention, the circuit layers 12 and 14 and the sep- 
arating insulating layer 16 are brought together in 
the alignment shown in Figure 1, with the circuit 
traces facing each other and separated by insulat- 
ing layer 16. With this alignment, termination pad 

125 22 is in alignment with termination pad 30 through 
aperture 34, and termination pad 24 is in alignment 
with termination pad 32 through aperture 36. The 
sheets are brought together in an assembly with 
spacer sheet 16 sandwiched between circuit sheets 

130 12 and 14. The assembly of the three sheets may 



2 GB 2 157 085 A 



2 



be adhesively bonded together at selected points if 
desired. 

Electrical interconnection between termination 
pads 22 and 30 and between termination 24 and 32 
5 is effected by ultrasonically welding the aligned 
termination pads to each other through the respec- 
tive apertures in sheet 16. The resufting structure is 
a multilayer interconnected circuit with a long last- 
ing reliable and relatively inexpensive interconnect 
10 system. 

The interconnebout involvement and complica- 
tions which might otherwise be present from the 
prior art interconnect systems such as plated 
through holes and conformal coatings. Further- 
15 more, the interconnect system of the present in- 
vention lends itself particularly well to the design 
of interconnections which are particularly reliable. 
To this end, several particularly preferred termina- 
tion pad and interconnection layouts are shown in 
20 Figures 4A-4E. 

Figures 2 and 3 show the present invention em- 
ployed to interconnect circuit layers of a type 
which, in the prior art, were typically connected by 
crimp connectors. In this embodiment, a multilayer 
25 circuit 50 has a lower circuit sheet 52, an upper cir- 
cuit sheet 54 and an insulating spacer 56. Lower 
circuit sheet 52 has conductive traces 58 and upper 
circuit sheet 54 has conductive traces 60. The cir- 
cuit segments to be interconnected may, for exam- 
30 pie, be tail areas of flexible circuits. 

As best seen in Figure 3, insulating layer 56 
stops short of the end of circuit layer 52, so that 
conductive traces 58 and 60 are exposed to each 
other at facing locations. In a typical prior art con- 
35 struction, costly crimp connectors would be used 
to connect together circuit sheets 52 and 54 in the 
area where traces 58 and 60 are exposed to each 
other, thus effecting electrical contact between the 
conductive traces on the two circuit sheets. In ac- 
40 cordance with the present invention, the facing and 
exposed conductive traces are connected together 
by ultrasonic welds to deliver power or signals 
from one circuit sheet to the other, thus eliminat- 
ing the costly crimp connectors and achieving po- 
45 sitive and reliable interconnection. 

It is to be understood that the present invention 
involves more than the elemental structure of ul- 
trasonic weld interconnection. The present inven- 
tion is also directed to specific interconnect 
50 configurations in the areaof the weld. When effect- 
ing the ultrasonic weld, care must be taken to en- 
sure that the weld does not interfere with circuit 
functions, such as, for example, by changing circuit 
resistance. To this end, in accordance with the 
55 present invention the circuit traces to be intercon- 
nected are modified in shape in the area t traces to 
be connected (e.g., the lower and upper traces 18, 
20 of Figure 1 or the lower and upper traces 58, 60 
of Figure 3) will be specially and similarly shaped 
60 in the connection pad areas. 

While the connection pad enlargement may take 
several shapes (as shown in Figures 4A-4E or other 
shapes), the basic parameter of the enlarged con- 
nection pad is that it does not adversely affect rsis- 
65 tivity or other electrical parameters of the traces 



being connected. 

Figures 5-5C show a typical foldover circuit 80 
(such as is common in a flexible circuit keyboard) 
with lowei layer 82 and upper layer 84 intercon- 
70 nected by an ultrasonic weld in accordance with 
the present invention. Lower cirouit sheet 82 has 
conductive traces 86 on its upper surface, and up- 
per circuit sheet 84 has conductive traces 88 on its 
lower surface. For simplicity of illustration, these 
75 conductive traces are shown only in the end or tail 
area where connection is to be made, but it will 
understood that they continue in desired patterns 
on the remainder of the sheets. The upper and 
lower circuit sheets are separated by an insulating 
80 spacer 90 except in the area where ultrasonic weld 
connections are to be made (or holes can be lo- 
cated in the spacer at the weld position). 

As best seen in Figure 5„ the circuit traces (both 
86 and 88) are enlarged at 92, and are connected 
85 together at the site of the enlargement by an ultra- 
sonic weld 94. Thus, power or a signal in traces 86 
is delivered to the respective connected traces 88. 

CLAIMS 

90 

1. A multilayer circuit configuration including : 
a first circuit layer having at least one first con- 
ductive trace thereon, 
a second circuit layer having at least one second 
95 conductive trace thereon, 

said first and second traces being in facing rela- 
tionship, 

said first and second conductive traces each hav- 
ing an enlarged connection pad of predetermined 
100 configuration at opposed locations, and 

ultrasonic weld means interconnecting said first 
and second traces at said enlarged connection 
pads. 

2. A multilayer circuit configuration as claimed 
105 in Claim 1, wherein said connection pads are confi- 
gured to meet the parameter of effecting electrical 
connection without impairing electrical characteris- 
tics of said traces. 

3. A multilayer circuit configuration as claimed 
110 in Claim 1, wherein said connection pads are confi- 
gured to effect electrical connection without im- 
pairing red in Claim 4, wherein said enlarged area 
is rectangular. 

6. A multilayer circuit configuration as claimed 
115 in Claim 4, wherein said enlarged area is arcuate. 

7. A multilayer circuit configuration as claimed 
in Claim 4, wherein said enlarged area is circular. 

8. A multilayer circuit configuration as claimed 
in any one of Claims 1 to 7, including insulating 

120 spacer means between said first and second circuit 
layers to insulate said layers other than in said 
contact pad areas. 

9. A multilayer circuit configuration substan- 
tially as hereinbefore described and as illustrated 

125 in the accompanying drawings. 
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